DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

HYDROLOGIC INVESTIGATIONS
ATLAS HA-702 (SHEET 2 OF 2)

Table 1.—Summary of dissolved solids in Paleozoic aquifers and confining layers
[Dissolved solids: Number of samples, total number of samples used in the analysis is on top and the number of samples from the
WATSTORE file and the BRINE file are given below as W/B; geometric mean, mean of the log transformed values, which is generally
closer to the median than an arithmetic mean; Box plot of distribution: when the data from the two files are significantly
different they are separated and indicated by (W) for WATSTORE and (B) for BRINE files; The scale is logarithmic so that 2 equals
100, 3 equals 1,000, 4 equals 10,000, and 5 equals 100,000. Ticks on the logarithmic scale indicate tenths of log units, thus a value
at 3.4 would be about 2,500 mg/L. +, median value; < >, confidence interval around the median for comparison among aquifer units;
i 1, 25 and 75 percent quartiles of the data, that is, 50 percent of the values are within the two vertical lines (these lines are
sometimes covered by the confidence interval signs);---- ----, range of the data values that are not considered extreme; *, data
value considered as an extreme value, called "outside" values, (if more than one occurs at a point, the number of samples at the
point is used as the symbol); o, data value considered to be very extreme, called "far outside" values; x, individual data point
where no box plot is given. See text for additional explanation. See figure 2 for location of tectonic features in the study area.]
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Sandstone 36/0 ===l lle=—c recharge areas.
42+ 3R bR AR RS R
Weber Uinta basin and 100 3,360 | eemeee- The differences among the two
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i +++4+2++HHH 43 R4S R | Reflects local circulation in
a Mutual Uinta uplift 4 43 unreactive rock.
n | Formation 4/0 2 XX
CONVERSION FACTORS
The inch-pound units used in this report may be converted to
metric (Sl) units by use of the following conversion factors:
Multiply By To obtain
foot (ft) 0.3048 meter
gallon per minute 0.003785 cubic meter per minute
(gal/min)
inch (in.) 0.0254 meter
mile 1.609 kilometer
pound per cubic foot 0.0160 gram per cubic centimeter
(Ib/ft%)
square mile (mi?) 2.590 square kilometer
To convert degree Fahrenheit (°F) to degree Celsius (°C) use the
following formula: °C=5/9(°F—32). To convert degree Celsius (°C) to
degree Fahrenheit (°F) use the following formula: °F=(°Cx9/5)+32.
The following term and abbreviation also is used in this report:
milligram per liter (mg/L).
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Survey, oral commun., 1983). The middle Paleozoic aquifers discharge 300,000 mg/L. The brines are supersaturated with respect to halite W me US Ceologieal S le 1:500.000. 2 . 1
: i . ) ¢ SR : yoming: U.S. Geological Survey map, scale 1:500,000, A D
to the valleys of the Colorado and Green Rivers and their tributaries (NaCl), and calcium dominates over sodium in some of these brines. Hoets s
o * - A o - . . - o LAKE GRANBY,
andt to spémgs f":har%a.s wher;f:he (aic:;lfe‘x"‘,she'are ;xposedl,.fs:u;h pe th(ei Chl9nde 8 'the domma‘mt e - cor?trast to'the mfdddle Peleozoic MacLachlan, M. E., 1981, Stratigraphic correlation chart for western x . k“
?s }e]rn e gef of the mtj up"l an o le 1ted S|ve.r up! lC : ; eporte; aquifers unit, zones with dlssolved-so!lc!s concentratlor}s of less than Colorado and northwestern New Mexico: Socorro, New Mexico, .
ISCharges oy sprngs ancwells hear Glenwood sprngs, Colo,, range 10,000 mg/L are rare. 'Ijhe gr‘eater salinity reﬂec_fs.the lithology of the Geological Society Guidebook, 32nd Field Conference, p. 75-79.
flfgglsless than 5 to 2,700 gal/min (Geldon, 1985; Teller and Welder, beds. containing evaporite minerals; greater salinity also reflects the 1984, General geology of the Piceance basin, in Taylor, O.J.,
)- restricted flow of water. compiler, U.S. Geological Survey Professional Paper 1310 (in
UPPER PALEOZOIC AQUIFERS AND CONFINING LAYERS UNIT Upper Paleozoic aquifers subunit : p;ess)' g . b .
Ubpet Paleossicicontifing lavess sabugit Although a large number of samples were from formations that are Miesch, A.T., 1967, Methods of computation for estimating geochemical
s b o S ) part of the upper Paleozoic aquifers subunit, information on specitic abundance: U.S. Geological Survey Professional Paper 574-B, 15 p.
ih Perr:;eablhfty 9 thte zonlﬁnmglg] lay?rs ls]ubumtlre-mges frf)m oneto geologic formations was scarce except in localized areas. The only Molenaar, C. M., and Halvorse'n, D.U, 196_9' Nomenclature charf of
Grlede or Sr; oG ngn-l ul e less an in the overlying aquifers (A.. L formations used in the map were the Weber Sandstone of Early the Qrand Qanyon and adj.acent areas, in Four Corners Geological
. ; S, et - oglcatSurvey: w“}tef'l" SOERInu. 19_84)’ and it is Permian and Late Pennsylvanian age, the Coconino Sandstone, the ~ Society Guidebook, 5th Field Conference, p. 68. .
;mc eat.r w ?r A er fOr not a regiona A ow system exists in these Cedar Mesa and White Rim Sandstone Members of the Cutler Formation, Price,Don, and Amow, Ted, 1974, Summary appraisals of the Nation’s
forT}? lOl']St; herefore, constructx(()in of a potentiometric surface map and the De Chelly Sandstone (fig. 15). These sandstones are of groundwater re§ources—Upper Colorado Region: U.S. Geological
GItNS SUbGTE was rab altoHipted. Permian age. Near areas of outcrop, water in the subunit exhibits large Survey Pr(')fessmna.l Paper 813-C, 40 p. )
Upper Paleozoic aquifers subunit changes in quality over small distances. This is most noticeable in the Rocky Mountain Assoc‘latlon. of Geologists, 1972, Geologic Atlas of
The only source of recharge for the upper Paleozoic aquifers Uinta basin and around the White River uplift. Where these Permian _— t:{e onky lhg%ulnt_f_’;:’ Tegion: Der.wer, fsil P l ——
subunit, as for the underlying middle Paleozoic aquifers unit, is sandstones are recharged, along the southern flank of the Uinta uplift, AL iy ; 4 I J emtelrpfr;t ::K]m a (—:rer}r]ucal watersanalygl—s 1 7y
precipitation. Topography strongly controls ground-water flow direction the San Rafael swell, and the Defiance uplift, the water is a calcium - lme?)"i,o }l-)la Z"“JS- V;’“mz ;_ ERCI LT EecA“‘i;% VI.DI » P . d-
in the aquifers that make up the upper part of the subunit; ground- bicarbonate type. (Note that the map unit in figure 15 is composed of 2y c;r, e li = ,lA & fan nt'nmer;narlx, is of the U 32:01 S dy :
water flow follows generalized surface drainage (fig. 12). Dissolved- only Permian sandstones. The subunit mapped in figure 12 is more l;r eB egiona quu ! eZlSysUetm; vr:,a WIS GRine d IKJ?f 0_013 so SN ]
solids concentrations in the upper Paleozoic aquifers subunit is not extensive, and hence, is recharged in different places.) Where the leelr 'aSIIn lsn oor:‘:lN ot, Ra : yomulmg, a;m. 'nzon; IS AGUACHE
great enough to significantly affect water density, so the altitude of the subunit is deeper, the water is more saline, and the water type changes 83?? 43538'? 23 usvey. Viater-lesouraes Investigetions. Bepon -
water level in a tightly-cased well tapping this subunit should be similar from calcium bicarbonate to sodium bicarbonate. There are few 1984 H I'; lodic K of S / /
to that shown in figure 12. samples of water from this unit in some of the deep basins. However, ———1984, Hydrogeologic framework of the Upper Colorado ’
Natural recharge to the upper Paleozoic aquifers subunit occurs the samples indicate that the dissolved-solids concentration exceeds Rl\éeZB-asm - Solorca;doan{erlBgsm It C}-?l(c)lra(ljo’ _Utah’ W!!O"E‘"g’ -5 380 y
around the edges of the study area in the High Plateaus and Wasatch 35,000 mg/L and in some areas may exceed 100,000 mg/L. Note that .:nl }l_'{lZOl’éa. -S. Geological Survey Hydrologic Investigations Ay
Plateau, the Overthrust Belt, the Uncompahgre, Uinta, and White River the intervals for dissolved-solids concentration in figure 15 are tlas HA-687. . . Mugcello g
uplifts, and the San Rafael swell. Discharge is principally to the different from those used on the other two dissolved-solids maps, Tellerl;R. e Chaﬁn,%_‘l‘ ? 198‘.1’ .Selected drlxll-§tem i \a: o
Colorado and Green Rivers and their tributaries. In particular, the because the overall range of concentrations is smaller. The change in ;e Upper ?olora.do. lve:RBaSIn.:féffg ogical Survey Water- . 3 N,
effect of the Colorado River on the potentiometric surface downstream concentration intervals provides additional detail. SSEMICES nuestigplions Lapant ) . ‘ \\ \\ \£
" . x 3 Teller, R. W., and Welder, F. A., 1983, Ground-water potential of the B N A
from the Uncompahgre uplift and of the White and Yampa Rivers in ) . Aty e : . N P ?L NN
th { =N = 5 Leadville Limestone on the White River uplift in Garfield and Rio R Ny o (| v Phss AC NN
e northern Piceance basin is pronounced. The subunit is unconfined . : RN L N\ fAood] I ), SRS
: : I Blanco Counties, Colorado: U.S. Geological Survey Water- DRI NN . )\ 1) : : » -
in many areas, the largest of which are the Monument and White River SUMMARY i e X ) K ‘@@ /7 o : orter A 3 ) DB :
lifts. D . in th tenti tri of h ; Resources Investigations Report 83-4036, 28 p. FROAH N R | Lo \\ N RS ROIDHNE
uplifts. Depressions in the potentiometric surface northeast o . ] . ) . : NN A 2 \ Q8 \ \ e RO
. - il Paleozoic rocks in the Upper Colorado River Basin have been Tweto, Ogden, 1979, Geologic map of Colorado: U.S. Geological AT WANSEN Ty \"% 2R \ NG T\\\.\\a R
Monticello, Utah, and on both sides of the San Juan River in Utah and at : : 3 . SR 3 L N N S X .\\“.\ )
Arizona are probably related to ofl and gas occurrence and development divided into four hydrogeologic units; sufficient data to perform Survey map, scale 1:500,000, 2 sheets. \ N L % 2 (L AN \\\ \\\ \\\\\\k\ \.
- P : regional analyses are available for only the middle Paleozoic aquifers Velleman, P. F., and Hoaglin, D. C., 1981, Applications, basics, and AN\ S\ -\ﬁ‘ o 370 are JCXP ) \\}\}k\\\\\\\\;\ k ‘1‘\\&\\}\\&%\ X 370
unit and the upper Paleozoic aquifers and confining layers unit. The computing of exploratory data analysis: Boston, Massachusetts, N ‘&:’\\\\N N\ ' T IS s L &‘& \\\ \\\ \/‘«Q ‘\\";g \\\&
structure of these hydrogeologic units is influenced by numerous Duxbury Press, 354 p. {\\2}\\\ W, — A= $ \\\\\\ ‘\ ,\\\\\\".\“&\\ \\\»
GROUND-WATER CHEMISTRY basins and uplifts; both depth-to-top and thickness are generally Weir, J. E., Maxfield, E. B., and Hart, I. M., 1983, Reconnaissance of the ‘\‘\\g\\\%\\\\ N /'\g} N // \t\\{:\ “\\\ﬁ.-\\\.;- }\\\ “&'\‘\\\t&\\. N
The data presented in table 1 represent all of the data available for greater in basins than uplifts. Potentiometric maps indicate that water geohydrology of the Moab-Monticello area, western Paradox = \\\\ N ‘\ o B g0 “\{:\\\\ 3 N ‘—ﬁ \\'. ‘\
the various Paleozoic aquifers and confining layers. For some in these two hydrogeologic units generally moves from topographically Basin, Grand and San Juan Counties, Utah: U.S. Geological \—‘,7 Sl \;} :‘}:\\ “\\ \
hydrogeologic units, it was possible to combine data and present the high areas to discharge in the valleys of the Colorado and Green Rivers Survey Water-Resources Investigations Report 83-4098, 59 p. § A\;wf ‘R\\ \
geographic variations in dissolved-solids concentration on maps. and their tributaries and to springs. Wengerd, S. A., and Strickland, J. W., 1954, Pennsylvanian stratigraphy B S Xé/‘ N \\
Contours of the data were fit by hand. Where there were few data, The aquifers of Paleozoic age contain water with a dissolved-solids of Paradox Salt basin, Four Corners region, Colorado and Utah: A ,"§ -- \
geologic setting of the hydrogeologic unit was used to infer the concentration ranging from less than 50 mg/L to greater than American Association of Petroleum Geologists Bulletin, v. 38, no. /¥ R
approximate dissolved-solids concentration. For example, there are 400,000 mg/L. Large areas that contain brine are present in the 10, p. 2157-2199; Correction, v. 39, no. 2, p. 259, 1955. SE :{ ~~ B
few data points for the middle Paleozoic aquifers in the White River confining layers of Early Pennsylvanian age and also in the aquifers of Williams, P. L., and Hackman, R. J., 1971, Geology, structure, and & L 7 “ \\\ \\\
uplift. The aquifer crops out in an area with abundant precipitation; Mississippian and Devonian age. Both the upper Paleozoic age uranium deposits of the Salina quadrangle, Utah: U.S. Geological -/ L \‘\ 3 AN \9‘—“
therefore, near the outcrops the aquifers are assumed to have low sandstones and the middle Paleozoic aquifers unit contain fresh water Survey Miscellaneous Geologic Investigations Map [-591, scale 1080 . \\\ X W\\ X
dissolved-solids concentrations. Data for the middle Paleozoic aquifers where recharged, but the occurrence of evaporite minerals and 1:250,000, 2 sheets. GGG ( t{” X \ o ES);%I#(DED
in the Uinta basin are clustered, making the interpretations between restricted ground-water flow causes the fresh water to grade into very Wilson, E. D., and Moore, R. T., 1969, Geologic map of Arizona: 0 25 50 100 MILES EROM STUDY 0 25 50 100 MILES ‘ Q\ X \\ RHEH
clusters of data difficult. However, the great depth of the middle saline water at depth. Occurrence of evaporite minerals and restricted Arizona Bureau of Mines and U.S. Geological Survey map, scale f — 4 T l P T l T : MR ¥ §§
Paleozoic aquifers in this basin suggests that all the water at depth ground-water flow are the major causes of the high salinities. 1:500,000, 1 sheet. 0 % 50 100 KILOMETERS . & - Ll 108°
Figure 11.—Potentiometric surface of middle Paleozoic aquifers unit. Figure 12.—Potentiometric surface of upper Paleozoic aquifers subunit.
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GROUND-WATER FLOW SYSTEMS

The potentiometric surface maps represent an average surface
based on data collected over a period of about 30 years (1954-1984).
The scarcity of data in some areas made the averaging necessary,
because data were collected at different times and in different parts of
the study area. The surface may reflect the effects of oil and gas
occurrence and development (which could include some groundwater
withdrawal as part of the oil and gas removal process) in some areas,
particularly in extreme southeastern Utah, northwestern Colorado,
and along the northeastern boundary of the study area in Wyoming. In
a few scattered areas, ground water is withdrawn for irrigation or public
supply. Many of these withdrawals are from shallow alluvial aquifers
along the larger rivers; Paleozoic rocks are too deeply buried, and (or)
their water quality is too poor over much of the study area for them to
have been extensively developed for supply.

MIDDLE PALEOZOIC AQUIFERS UNIT

The source of ground water recharge in the study area is
precipitation (Price and Arnow, 1974, p. C9). Recharge areas for the
middle Paleozoic aquifers are the Defiance, Uinta, Uncompahgre, San
Juan, White River, and Park Range uplifts, the Sierra Madre, the San
Rafael swell, and the Overthrust Belt. Normal annual precipitation may
exceed 20 in. over these areas providing water to recharge the exposed
Paleozoic rocks. Potentiometric contours indicate that recharge
probably occurs through Mesozoic rocks on the northern side of the
Uncompahgre uplift. On the southern side of the uplift, faulting has
buried Paleozoic rocks too deeply for them to be recharged to any
significant extent through overlying rocks.

Ground-water flow through the study area generally is toward the
southwest, although the flow appears to be diverted around the Uinta
and Uncompahgre uplifts where middle Paleozoic aquifers are absent
(fig. 11). Further investigation is needed to determine whether this is
indeed the case; calculations based on the slope of the aquifers and the
large dissolved-solids concentrations suggest that ground water in the
deeply buried Mississippian formations in the Uinta, Piceance, and

could be brine like the clusters of points. The map has question marks
where these interpretations seemed most speculative.

MIDDLE PALEOZOIC AQUIFERS UNIT

Water samples from the Madison Limestone, the Leadville
Limestone, the Redwall Limestone, the Deseret Limestone, the Ouray
Limestone, the Humbug Formation, the Chaffee Formation, undif-
ferentiated Mississippian rocks, and undifferentiated Devonian rocks
were combined to make the map showing dissolved-solids concentrations
(fig. 13) for the middle Paleozoic aquifer unit. The majority of the
samples are from Mississippian carbonate rocks.

Comparison of figures 11 and 13 indicates that recharge areas
coincide with areas of small dissolved-solids concentration, presumably
because all recharge in the study area is in the form of precipitation that
is low in dissolved solids. Near areas of outcrop, the middle Paleozoic
unit contains water of a calcium bicarbonate type, with dissolved-solids
concentration of less than 1,000 mg/L. As the water travels through
the system, however, the concentration of dissolved solids increases.
Where the formations are buried, the ground water is slightly to
moderately saline (from 1,000 to 100,000 mg/L dissolved solids) and
predominantly of a sodium chloride type. Brine (dissolved-solids
concentrations greater than 100,000 mg/L) is present in a large part of
this hydrogeologic unit in the Uinta, Piceance, and Paradox basins. The
brine is also predominantly of sodium-chloride type. In the Paradox
basin, dissolved-solids concentrations in excess of 300,000 mg/L are
reported. These concentrations probably result from the dissolution of
salts in the overlying Pennsylvanian Hermosa Formation.

UPPER PALEOZOIC AQUIFERS AND CONFINING LAYERS UNIT
Upper Paleozoic confining layers subunit

Data in figure 14 present dissolved-solids concentrations of water

in confining layers that are associated with the Paradox basin evaporite

minerals (fig. 5; table 1). Over one-half of the 57 samples are from the

Paradox Member of the Hermosa Formation, and most of the others
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Figure 14.—Dissolved-solids concentration in upper Paleozoic confining layers subunit.

Figure 15.—Dissolved-solids concentration in upper Paleozoic aquifers subunit.
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